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ABSTRACT: 

-j ^ 2-Dimenslonal xontlly-tv«rig*d thermospheric modal and cha global UCL thermospheric nodal 
hava baan used to Investigate tha aaaaonal, aolar activity *nd geomagnetic variation of 
atonic oxygen and nitric oxide. Tha 2-Dlmenalonal nodal includes datallad oxygan and 
nltrogan chemistry, with approprlata conplatlon of tha anargy aquation, by adding the 

thermal Infrared cooling by [0] and [NO) . Thla aolution Include* *oler and auroral 

production of odd nitrogen coopound* and netastable ipacles. Thl* nodal has been used for 
three investigation*: fir*tly. to study the interactions between atmospheric dynamics and 

minor spades transport and density, secondly, to examine tha seasonal variations of atomic 
oxygan and nitric oxide within tha upper mesosphere and thermosphere and their response to 
solar and geomagnetic activity variation*; thirdly, to study the factor of 7 - 8 peak nitric 
oxide density Increase as solar F 10 7 cm flux Increases from 70 to 240 reported from the 
Solar Mesospheric Explorer. Auroral production of [NO] is shown to be the dominant source 
at high latitudes , generating peak [NOJ densltlea a factor of 10 greater than typical number 
densities at low latltudo*. At low latitudes, the predicted variation of tha peek |N0) 

density, near 110 km, with the solar F 10 7 cm flux Is rather smaller than Is observed. This 

Is most likely due to an overestimate of the aoft X-ray flux at low solar activity, for 
times of extremely low sunspot number, as occurred In June 1986. As observed on pressure 
levels, the variation of [0] density Is small. The global circulation during solstice and 
periods of elevated geomagnetic activity causea depletion of [0] in regions of upwelllng, 
and enhancements in regions of dovnwelllng. 


INTRODUCTION . 

This paper provides s brief review of some two and three-dimensional model studies of the 
intar-relationships between tha major and minor species of the lower thermosphere and upper 
mesosphere. Several timely questions are addressed by the model simulations. The data from 
the Solar Mesospheric Explorer (SME /!/) show a factor of about 7 - 8 variation of peak low- 
latitude number density as the solar F^q ? cm flux Increases from 70 to 240 units, compared 
with a variation of approximately a factor of 4 found In previous numerical studies /2/. 
The degree of possible variability of atomic oxygen number densities in the lower 
thermosphere and upper mesosphore consistent with major meteorological, seasonal and 
geomagnetic variability of the atmosphere is also of Interest. Previous studies (for 
example a special issue of Planetary and Space Science. 1988) have shown up to a factor of 
at least 100 variability In the density atomic oxygen at and below the peak density of 
the species, normally observed around 105 km. 


ATOMIC OXTCEN AND NITRIC OXIDE: KEY MINOR CON STITUENTS ■ 

Atomic oxygen is created by the photodissociation of molecular oxygen within the 
thermosphere . Having approximately half the molecular mxsa of 0 2 and N* , its scale height 
is double that of 0« and N 2 for tha same temperature. Since recombination Is very slow ot 
middle and upper thermospheric densities and collision rates and if diffusive equilibrium 
prevails, (0) becomes the major constituent above around 150 ka /3,4,5,6/. Given tha long 
recombination time, tha species can b* transported globally by mean winds. When large-scale 
upwelllng and advection occur*, particularly at solstice, and also associated with the 
intense large-scale heating during geomagnetic atoms, diffusive equilibrium no longer fully 
controls the vertical profiles of [0] and [ N 2 , OjJ. Under such conditions /7,B/, the 
process known as wind-driven diffusion may cause large relative departures of individual 
light or heavy species from diffusive equilibrium, although hydrostatic equilibrium will 
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still be generally observed. Relative to density values which would be expected for the 
appropriate kinetic temperature, Hj is strongly enhanced in regions of persistent upwelLlng 
and outflow, where atomic oxygen Is strongly depleted, In regions of persistent convergence 
and dovnwelllng, the converse la true. The major direct consequences are an excess of 
molecular nitrogen at the summer pole, particularly at times of high geomagnetic activity, 
while the winter pole (at quiet times) and winter mid* latitudes (under more disturbed 
conditions) contains the highest densities of atomic oxygen and helium. 


These perturbations of minor species density extend to lower thermosphere altitudes, and 
wind-driven diffusion is one significant cause of variability of atomic oxygen In the lower 
thermosphere. Eddy diffusion can also cause vertical transport of minor species, and can 
change tha vertical profile of atomic oxygen and other minor constituents /8/. 


Nitric Oxide is primarily created through the reaction of the atomic nitrogen species N( D) 
end N(*S) with molecular oxygen /3,9/. N(*D) and N(*S) are produced by auroral dissociation 
/10/, by photodlssoclacion /ll/ and various ion chemical reactions Involving N 2 + /12/. 


Although nitric oxide is chemically and radlatively active, its chemical lifetime in the 
lower thermosphere is long enough for wind transport to be Important. Its diffusion into 
the mesosphere Is also Important, and it has been shown /13/ that in the winter polar 
stratosphere, it also has a long effective lifetime in non-sunllt regions. Increased 
production, at times of high solar activity, or essociated with enhanced auroral production 
during geomagnetic storms, may create very large lover thermospheric densities of {NO}. 
Given enhanced vertical transport due to turbulence, this may result in large (NO) densities 
in tha mesosphere and even In the upper stratosphere at vlnter h igh - lat i tude s , where there 
la no aolar photode s true c ion of nitric oxide. There are a number of major consequences of 
such enhancements, affecting the chemical and radiative balance of the mesosphere end 
thermosphere, and properties of Che ionosphere. 


THE NVHERICAl HQPEL- 

The three-dimensional atmospheric model has been well-described In a number of papers, 
including Fuller -Rowell and Rees /14,1s/ and Fuller -Rowell et al /16/. The zonally- ave raged 
modal avolved from the nested grid model of Fuller -Rowell /17/ and is further described in 
Rees and Ful ler-Rowe 1 1 /B/. 

The seasonal, latitudinal and solar activity variations of atomic oxygen density will be 
considered, as will the response to variable geomagnetic forcing at high geomagnetic 
latitude. Large-scale Hadley-type circulation cells are generated within the thermosphere, 
closing in the upper mesosphere, as the result of the solar diurnal heating variation, the 
seasonal / hemispheric asymmetry of solar heating, and due to geomagnetic heating, usually 
at high latitudes. These large-scale circulation systems force a partial breakdown of 
diffusive equilibrium as the result of the combination of vertical convection and horizontal 
advection. The full 3 - d imens lonal global coupled Ionosphere - thermosphere UCL model will 
be used for these simulations /14,15,16/. 

A second series of simulations uses the zonally-avereged 2 -dimensional model. Nitric oxide 
and other 'odd nitrogen’ compounds are included as minor species. With this model, it is 
possible to examine, in addition, the seasonal, latitudinal, solar activity and geomagnetic 
response of [NO]. It is also possible to evaluate the transport and thermol effects of 
variable eddy turbulence within the lower thermosphere and upper mesosphere. The model 
takes into account the thermal radiation from nitric oxide, which has very Important effects 
on the thermal balance, and consequences for the mean circulation. 

The two-dimensional, rona 1 ly- averaged model of the thermosphere solves the non-linear 
energy, momentum, continuity and three - cons t ituent composition equation self -cons istent ly 
and time- dependently . The finite-difference grid covers the latitude range from the north 
to the south geographic pole In steps of 5° latitude, and the seventeen pressure levels, one 
scale height apart, cover altitudes from 70km to approximately 300km, depending on solar 
activity. Tha model has been adapted from the high-resolution, nested-grid model of Fuller- 
Rovell /17/, which contains a complete description of the numerical procedure, the set of 
equations, boundary conditions and parameter isat ion required to simulate the thermospheric 
neutral wind, temperature and density. The same paper also describes the photochemistry, 
and tha dissociation and recombination rate constants included in the computation of the 
mass mixing ratio of the major species of atomic oxygen, and of molecular nitrogen and 
oxygen. 


A further addition has been made to the model to include the production, loss and transport 
of N ( D) , N( S) , and NO (Nitric Oxide). The evolution of the concentrations of these minor 
species are computed self -consistently in parallel with the development of the itructuru, 
dynamics and energy budget of the major species. The creation of nltrLc oxide occurs through 
the odd-nitrogen chemistry primarily through the reactions of N( 2 D) and N(4 S ) with molecular 
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oxrg.n. Th* H( l D) .nd !i<“s) ,r. produc.d by Ion ch.«lc.l r..cclon» Involving Nj . «> l by 
duicc dlasoctatlon of N, by auroral p.rtlcla. /10/ or aol.r radiation /ll/. Th. odd- 
nlcrogan chanlatry. branding ratio., and rat. coafflclanta. lnclud.d In th. nod.l are a. 
described In Iflbl# et il /2/. 

Ml thraa production aourca, of atonic nitrogen era lnclud.d In th. xon.lly av.r.g.d nod.l . 
Th. aourc.a of N(*D) and NCS) through th. Ion ch.nlcal r.actlona ar. .valuat.d within th. 
UCL-Sheff ield coupled thermosphere - Ionosphere »od*l. The reference spectra appropr see or 
high and low aol.r activity, tog.th.r with th. ionl.atlon fr.qu.ncl.a of th. najor 
ere taken froa Torr et al /18/. The solar production function thus produced is used within 
the tonally averaged code, where solution of the odd nitrogen chemistry end transport 
proceeds in parallel with that of the dynamics, energy budget and composition of the major 
species . 

The particle precipitation aource is derived fro. the TIROS/NOAA satellite data /19/ and is 
used to describe the high- let ltude auroral heating rata, ionitatlon rate, end molecular 
nitrogen dissociation /LO/. self -cons is tently within the model. The direct particle heating 
acts in addition to the Joule dissipation which together modify the global circuletion 
psttem. Th* circulation, which transports and mixes the major species end is desctlbtd 
fully in Fuller- Rowell /17/. also acts as a sourca of transport to the minor species. T> 
distribution of nitric oxide, ss e strong rediativa cooler /9/, has e strong Influence 
the latitudinal temperature gradient, and on the global mean thermospheric temperature as 
has been shown by Roble end Emery /20/. The latitudinal distribution of temperature and NO. 
end the global circuletion pattern, is a highly coupled and interacting system of variables. 


The auroral precipitation also produces loniiation which enhances the ion densities above 
the quiet background levels described by Chiu /21/. This additional source of Ionisation has 
been Included, where the auroral enhancement is assumed to be in chemical equilibrium, and 
Is added to the background solar- produced values of Chiu /21/ by the square root of the sum 
of the squares. This is a less sophisticated approach then is used In the 3-D ful ly- coupl e d 
Ionosphere - thermosphere model, but produces an overall result which is adequate for the 
purposes of these 2-D simulations, where we are not yet concerned with the details of the 
ionospheric predictions, 


RESULTS OF THE SIKVLATIQNS . 

Global distributions with seasonal, latitudinal and geomagnetic variations. 

Figure 1 shows the global d istr tbut ions of temperature, mean molecular mass, atomic oxygen 
density and molecular nitrogen density at pressure level 7 (125 km) of the UCL three- 
dimensional. time-dependent model (E-Region, approximately 125 km). The seasonal / 
latitudinal variation of atomic oxygen density shows a very distinct minimum at the summer 
pole, and a maximum at the winter pole. For moderately active solar (F 10 ? “ 185), and 
quiet geomagnetic activity conditions, there is « factor of more than 2 variation of E- 
regLon atomic oxygen density from global minimum to global maximum. This simulation 
Includes the effect of lower atmosphere tides Introduced via lower boundary forcing fllf - 

Figure 2 shows the global distributions of temperature, mean molecular mass, atomic oxygen 
density and molecular nitrogen density at pressure level 12 of the UCL three-dimensional, 
time-dependent model (F-Region, approximately 320 km). There is a very large seosonal / 
latitudinal variation of atomic oxygen density. The minimum oxygen density is at the summer 
pole, however, the maximum values are displaced from the winter pole, towards high winter 
mid- latitudes . aa a result of high- la tltude energy input. This simulation is for moderately 
active solar (F 10 ? - 185), and moderately disturbed geomagnetic activity conditions (Kp - 
3). Atomic oxygen number density varies by more than a factor of i from global minimum to 
global maximum, consistent with empirical model results /16/. 

Figure 3 shovs the global distributions of temperature, mean molecular mass, atomic oxygen 
density and molecular nitrogen density at pressure level 7 of the UCL three-dimensional, 
time-dependent model (E-Reglon, approximately 125 km) taken from the same simulation as that 
shown in Figure 2. It shows that a similar, if somewhat smaller seasonal / latitudinal 
variation of atomic oxygen density occurs at the lower altitudes. The minimum oxygen 
density is again at the summer pole and, as at F-region altitudes, the maximum values are 
displaced from the winter pole, towards high winter raid- latitudes , as a result of high- 
la tltude energy Input. There is a surprisingly large variation of atomic oxygen density 
from global minimum to global maximum , about a factor of 5, resulting from the seasonal 
asymmetry of solar insolation, combinad with the hlgh-latitude geomagnetic energy input. 
This factor of 5 atomic oxygan density variation et*l25 km altitude greatly exceeds the 
latitudinal / seasonal total density variation,. Ic is necessary to 
recall that the majority of species density profiles are measured with sole reference to 
geometric altitude, and no raference to pressure level or to total gas density. 
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Latitudinal distribution* for equinox and variation* with aolar and geomagnetic activity. 

Figure 4 show* variation* of atmospheric *tructur* and composition a* a function of altitude 
and latitude aimuleted using the two-dimensional, time -dependent model. Panel A shows the 
density distributions of atomic oxygen, nitric oxide, molecular oxygen and molecular 
nitrogen. Panel B shows Temperature. Meridional and vertical neutral wind, and mean 
molecular mas*. Panel C displays nitric oxide density distribution from 100 to 160 km. for 
comparison with the results obtained from SHE /l/. The condition* depicted are equinox, low 
aolar (F 10 cm - 80) and low geomagnetic (Kp - 1) activity. There la a weak letltudlnal 
variation of atomic oxygen density, caused by the hlgh-latltude geomagnetic energy inputs. 
Nitric oxide density is structured by two peeks, on* at low-latitudes, due to solar 
production, and the other in the auroral oval, resulting from euroral particle dissociation. 

Figure 5 shows variations of atmospheric structure and composition as a function of altitude 
and latitude simulated using the two-dimensional, time-dependent model. The displays are as 
for Figure 4. The conditions simulated are low solar (Fjo 7 c® - 8 °) moderate 
geomagnetic activity (Kp - 3), at equinox. There Is now a small latitudinal variation of 
atomic oxygen density, with decreased density in regions of increased hlgh-latitude 
geomagnetic energy inputs. The major feature In nitric oxide density la the enhanced hlgh- 
latltude peaks, resulting from Increased auroral production. There Is a ratio of about 4:1 
between low-lstitude and high latitude values of nitric oxide. 

Figure 6 shows variations of atmospheric structure end composition as s function of sltitude 
and latitude simulated using the two-dimensional, time-dependent model. The displays are as 
for Figure 4. The conditions which are simulated are low solar (F 10 7 cm - 80) and high 
geomagnetic activity (Kp -5), at equinox. The latitudinal variation is further enhanced. 
Atomic oxygen Is further depleted, and molecular nitrogen further enhanced. In those regions 
which correspond to the enhanced auroral energy and particle Inputs. Nitric oxide densities 
vary by an order of magnitude from low to high latitudes. The broad latitude extension of 
elevated nitric oxide densities correspond mainly to the extended regions of energetic 
particle precipitation described by the statistical models of energetic electron 
precipitation. Marked changes of nitric oxide extend to the lower altitude limits (70 km) 
of the model, while significant changes of atomic oxygen density extend below 86 km. These 
low-altitude disturbances are primarily due to Intense geomagnetic energy inputs within the 
auroral oval. 

Figure 7 shows variations of atmospheric structure and composition as a function of altitude 
and latitude simulated using the two-dimensional, time-dependent model. The displays are as 
for Figure 4. The conditions which are simulated are high solar activity (F 10 . 7 cm " 200 - ) • 
and low geomagnetic activity (Kp - 2) at equinox. There are considerable enhancements of 
molecular nitrogen, molecular oxygen and nitric oxide densities and a marked decrease of 
atomic oxygen density within both auroral ovals. At this high level of solar activity, the 
low latitude values of nitric oxide density are considerably increased, by about a factor of 
4, compared with those for low solar activity (F 10>7 cm - 80). This factor is smaller than 
the factor of 7 - 8 reported for the same range of solar activity by Barth /l/. This 
apparent discrepancy will be discussed In the following section. Even at high solar 
activity the low latitude values remain below the peak auroral oval values, except for very 
quiet geomagnetic conditions, Kp - 1 or lower. This indicates that except for prolonged 
periods of geomagnetic quiet during periods of high solar radio and UV / EUV fluxes, high 
latitude peaks, corresponding to enhanced auroral production, will still be a distinctive 
feature of the global distribution of nitric oxide. 


Latitudinal distributions for solstice. 

Figure 8 .hows v.rl.tlon. of atmospheric .tructur. and composition .. . 

end l.tltud. simulated using the two-dimensional. tine-dependent model. The <U*P>-*y* *” 
for Figure 4. The conditions which ere sle.ul.ced ere moderately high solar activity (F^ 7 
cm - 150) and low geomagnetic activity (Kp - 2) at th. Decemb.r solstice. A algnlf leone 
seasonal/ l.clcudlnal asymmetry develops In th. distribution of all constituents. There la 
, large summer high l.tltud. enhancement of molecular nitrogen end of nitric *"* 

depletion of etomlc oxygen. For nitric oxide, there 1. approximately a factor of 50 » 

suLar high latitude enhancement, the combination of aolar and auroral production^ For 
atomic oxygen and molecular nitrogen, the behaviour in th. summer and winter hemispheres Is 
qult^opposlte. due to th. Influence of global, pol. to pol. circulation. For nitric oxide 

there 1 . .till en enhancement In the winter euroral owel. ea well as the rather lerger 

enhancement In the summer auroral oval. 


DISCUSSION . 


Atomic oxygen in the upper thermosphere shows large seasonal / 
response to asymmetric solar Insolation. Such variations have 
years, and have now been successfully simulated by theoretical 


latitudinal variations In 
been well known for many 
and numerical modelling. 
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Figure 4. Variations of atmospheric structure and composition as a function of altitude and 
latitude, simulated using the UCL two-dimensional, time-dependent model. Panel A 
shows the density distributions of atomic oxygen, nitric oxide, molecular oxygen and 
molecular nitrogen. Panel B shows temperature, meridional and vertical neutral wind, and 
mean molecular mass. The conditions depicted are equinox, low solar (F 10 7 cm = 80) and 
low geomagnetic activity (Kp = 1 ). Panel C depicts the distribution of nitric oxide between 
100 and 160 km, for direct comparison with the data from SME. 
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Figure 4C. 
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Figure 5. Variations of atmospheric structure and composition as a function of altitude and 
latitude simulated using the two-dimensional, time-dependent model. The display is as for 
Figure 4. The conditions simulated are low solar (F^q 7 cm = 80) and moderate 
geomagnetic activity (Kp = 3) at equinox. 
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Figure 5B. 
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Figure 5C. 
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Figure 6. Variations of atmospheric structure and composition as a function of altitude and 
latitude simulated using the two-dimensional, time-dependent model. The display is as for 
Figure 4. The conditions which are simulated are low solar (Fjq .7 cm = 80) and 
moderately high geomagnetic activity (Kp = 5) at equinox. 
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Figure 6B. 
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Figure 7. Variations of atmospheric structure and composition as a function of altitude and 
latitude simulated using the two-dimensional, time-dependent model, the display is as for 
Figure 4. The conditions which are simulated are high solar (F|q. 7 cm = 200) and low 
geomagnetic activity (Kp = 2) at equinox. 
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Figure 7B. 
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Figure 1C. 
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Figure 8. Variations of atmospheric structure and composition as a function of altitude and 
latitude simulated using the two-dimensional, time-dependent model. The display is as for 
Figure 4. The conditions depicted are moderately high solar activity (F 10 7 cm = 150) and 
low geomagnetic activity (Kp = 2) at the December solstice. 
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Figure 8B. 
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J Ion /23/ caused by systematic upmlUng over the summer pole, dovnvelllng 

X, with « interconnecting me.n m.rldion.l flow of the order of 50 -/.« 
p.rtlyV.rcon.s^lf fu.lV. .qulllbrlun within th. Ch.mo.ph.r. . This e.u... th. .nh.nc.n.n 
of h«vy .tonic .nd nol.cul.r .p.el.s r.l.clv. to light .conic .p.cl.» In th. sunn.r pol.r 
r.glon ond th. conv.r.. In th. r.glon of downw.lllng n..r th. wlnt.r pol.. 

At hlgh.r l.v.l. of g.oBAgn.tlc Activity , th. wlnd-drlv.n dlffu.lon proc... t. 

«».lng . furth.r .nrlchn.nt of h..vy .nd nol.cul.r .p.cl.. In th. ,u-.r g.o».gn.tlc po Ur 
wh.r, th. strong*. t conbln.d sol.r And g.onagn.clc heating occurs. Ac such tU«i, th 
} t "l v.rl.tlon, of th. Atonic oxyg.n nixing r.tlo In th. upp.r th.r^sph.r. b.coo. 
both l.rg.r .nd -or. conpl.x. p.rtlcul.rly .t th. solstlc.. Using coupl.d lono.ph.t. 
thirno.ph.r. nod.ls. th. scructur.s obs.rv.d during ..Jot dl.turb.nc.. c.n b. «..oi..bly 
will siul.c.d, .nd r.l.t.d to th. loc.Uy-.nh.nc.d h«.tlng .nd upw.Ulng «"«!, In i th 
wl.r Mglons. by enh.nc.d lon-n.utr.l coupling (Ion dr.g / frlctlon.l / Joul. he.tlng) 
HiSttai ; f ro. th. .nh.nc.n.nc of E-r.*lon pl.sn. d.nsltl.s by p.rtlcl. pr.c Iplt.t Ion . 

Und.r dlsturb.d g.on.gn.tlc conditions .t solstice, there cen be • fector of 10 Ltlcud. 
v.rl.tlon In .tonic oxyg.n conc.ncr.tlon .c th. .... F-reglon .ltlcud. (300 to). tven * c ' 
riB , nn -itirude* (around 125 km) , a factor of 5 variation can occur. In both cese , 
minimum (0] value! are within the summer geomagnetic polar cep. while maximum (0) values are 
at high winter mid- latitude! . equatorward of the auroreL oval. 

It l. cle.r fro. th. figures th.t th. donln.nt Influence on glob.l (HO] production Is from 
th..uto»I dissociation of Nj .t high Ltlcud... For .11 but th. nose quiet g.on.gn. c 
condition, che high Ltlcud/pe.k NO number d.n.lty 1. considerably greater th.n v.lues 
equ.totl.1 latitude, . At Low Ltlcud.,. hov.v.r . l.rg. v.rl.tlon over th. 
solar cycle has been observed /l/. This Is . direct result of the sol.r cycle -re. flux 

increase in the wavelength range up to 100 nm . 

Th. sol.r production of N(*D) .nd (N<S) . the precursors of (NO), occur, 

th. Ion chenlc.l re.ctlons, p.rtlcul.rly Nj + with n.utr.l oxygen. A sn.ll .ddltlon. , 
has also been identified by Richards et .1 /IV, namely the predissociation of N 2 in th 
wavelength r.ng. B0 - 100 nm. The peak |N0] density, ne.r 105 to. Is strongly controlle 
low latitudes by the strength of the solar ionising flux able to penetrate to these levels. 
The wavelength region of most interest therefore, is the 1 - nm soft X-ray flux. 


The present simulations have used the solar fluxes and ionisation frequencies of che major 
specias described by Torr et al /IB/. The reference spectrum for low solar activity is from 
rocket-borne measurements In April 1974, when the F 1Q 7 cm radio flux was about 70 units. 

For high solar activity, the period in June 1979 was used, when the F 10 7 cm flux we s in 
excess of 240 units. Using these reference spectra to define the range of solar flux in the 
model, the peak low-latitude [NO] density around 110 km varied from 0.8 * 106 cm-3 at low 
solar activity, to 3 * 106 cm-3 at high solar activity. The l NO 1 values differ from the 
observations of Barth /l/ over the last solar cycle. He reported a variation of a factor of 
7 - 8 for the ratio of peak equatorial [NO] from high to low solar activity. The only 
fundamental difference with the present results Is that the model appears to underes c ima c e 
the minimum values by a factor of 2. and hence underestimates the ratio of equatorial INO} 
density from high to low solar activity. 


Ine m„st plausible explanation Is that the soft X-ray flux was actually lower during rh* 
last solar cycle minimum In June 1986, than Ln the April 1974 minimum period, when direct 
solar EUV radiance measurements were available. Although the Fjn 7 .cm radio flux was 
similar during the two periods, the sunspot numbers differed considerably. In April 1974, 
the sunspot number was 40, in 1986, the minimum value was 1 during June, end the 1986 
average only 14. In view of the strong correlation of the E-region critical frequency with 
the Zurich sunspot number, a direct relationship between INO) density and the soft X-ray 
flux appears the most likely explanation. The F^q 7 cm radio index is thus not e 
particularly good indicator of [NO] equatorial density, and an index ralated to sunspot 
number might provide e better key for prediction. 


Ua have previously shown /8/ that Increased eddy turbulence causes enhanced downward 
transport of nitric oxide from the upper thermosphere to the mesosphere. The number densLty 
of nitric oxide is increased in the lower thermosphere, et the mesopause, and in the upper 
mesosphere by more then e fector of 10 by enhanced values of eddy turbulence (within 
published values). 

Tha dominant consequanca of the enhanced downward transport of nitric oxide is strong 
mesopause cooling In the vicinity of the region of enhanced eddy diffusion coefficient. The 
cooling is dua to increased I.R. radiation from regions of elaveced nitric oxide density. 
There is e change ln the mean meridional wind end flow towards regions of increased eddy 
turbulence, which causes e complex sequence of inter-related effects. 
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If eddy turbulence is Increased systematically on a large scale, for a parted of several 
days, Mesospheric nitric oxide densities increase. This causes, via Increased radiative 
cooling, nesopause cooling of the order of 30 1C, in the region of enhanced eddy turbulence. 
The increased eddy transport also enhances upper Mesospheric atonic oxygen densities, but 
less dramatically than for nitric oxide, since atonic oxygen is removed rather rapidly below 
about 93 to 100 km. 


SUMMARY . 

In this study, we have attempted to use the numerical models to study the range of 
variability of atomic oxygen and nitric oxide which might be expected to occur as the result 
of four fundamental processes of change effecting the lover end upper thermosphere. 

(1) Seasonal / latitudinal variations. 

° f 8 iobal convection end edvection Induced by asymmetric solar isolation near 
solstice causes a strong latitudinal variation in tha coeiposltion of tha thermosphere 

im'attk up,,llln * *" d °“ C “ ow "•« th ' •“«“« POU. ch. connecting clrcul.tlon end 
y ““ f convergence end dovnvelllng tov.rd, the winter pole disturb diffusive 
equl 1 lbr lum Th. result Is the enhancement of heavy etomlc end molecular species .. viewed 

lUht ero n .lc‘‘ r Io‘ci* • l" tl ” pol * r end . compl.m.nt.ry enh.nc.ment of 

The effecr."*" , a"'" P ° 1,r r * Bl ° n <‘ B,ln "l-clv. to con.t.nt pressure 
ilvtlli' lew *1* v ' n - d ' t « r » 1 ned .epirlc.il,, end the ...son.l / latitudinal 

geomagnetic ^activity* 1 ‘ * '** hlg ” l * tUUd ' h “ tln * dupl "* p ”‘° d » «>* high 

M0 C tol , T' r , POUr r ' gl ° n V th ' ■'*" »°l«cul.r mss, st pressure level 12 (F-reglon. .round 
300 km) may Increase to above 24 / 25 amu (high solar activity “ 


r 10 , 7 


“ 18 3, and for 


mod.r.t.ly ^Curbed g.om.gnerlc conditions, Up - 3* - 5). Th. minimum “me'.n molecular me.; 
at Pressure level 12 (.round 280 km) 1. now at high winter mid - latitudes (rather then In the 
winter polar region) but still has a value dose to 17 atou. 

Such compositional dl, turbine., sr. not confln.d to th. F-raglon. and aven at 125 km 
«tlvUy n t.v.ls* r ° f 5 ln * t0 "‘ C OX) ' gen d "" 1 '> r C * n b * 8'nar.r.d at high geomognetlc 

Vor nitric oxide, there is epprox ima te ly a 
seasonal variations. 


\ modulation in number density caused by 


Solar Activity variations. 

nltro^n^.' V * rl * Cl ° nS ob " rv " i constant prassure levels In etomlc oxygen and mol.cuLt 
c£77dV < / “V °£ Illumination and heating are only marginally 

chang.d by variations of sol.r sctlvlty However, nitric orld. responds quit, dr.mac5t.ly 

Ii*,’^ll.? e th V * eV l0n V * f * CCOr ° f " ‘ OUr F 10 7 «■«« fncc.a.c, from 70co7o 
l, smaU.r th.n th. ratio reported from SHE observations - a factor of 7 - 8 This 

rt“*dur C ln e lo7r th y “ SOCl * t ' d “ lth X -C*y fluxes during th. 1586 solar minimum 

.."ptlonafly 'low'. Pr * Vl ° US * #Ur CyCU 1SBB . *»« -nspot number was 

Geomagnetic Activity Variations . 

Th. relatively localised energy Inputs sssoclsted with elev.t.d levels of geomagnetic 
“v!u7 8< In' r th y **** ‘comic oxygen concentrations (when observed on consent pressure 

77 h' tb ' T 1 P ° 1,r C * p ’ thl * d «cr«.se c.n be en order of magnitude at F-reglln 

altitudes (.round 300 km), and a factor of 5 at E-rcgton altitudes (125 km) Nor75 y 
mol.cul.r nitrogen densities sr. elev.ted ss th. . tonic oxygen density decreases Nl7lc 
Drod7!to” r ^ “ IP ?" d! 1 ulckl y *" d Incre.ses rapidly in response to en lncre.sc of auroral 
conditions [ J Ch “ n ° n ' ° rd ' r ° f ma 8 nU “ d « from to disturbed geomagnetic 


Effects of eddy turbulence transport: 
Atomic Oxygen. 


5h57o,7h.r‘. d<iy in t to rb eh 1 * nC * “““ * nh *" C * d ‘“ > ''"“* rd “an.port of atomic oxyg.n from th. upper 
thermosphere Into the mesosphere. Where eddy turbulence 1. enhanced, th. mixing ratio of 

thermosphere** * ed “ * U alCltud “- not onl F ln th * vicinity of the mesopsuse end lower 
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Nitric Oxide. 

Nitric Oxide it readily transported downward by enhanced eddy diffusion around and above the 
■esopauae. This say enhance radiative cooling of the upper mesosphere caused by nitric 
oxide , with further signatures in temperature and wind distributions . 

A combination of seasonal, solar activity and geomagnetic variations discussed in this paper 
can cause unusual values or profiles of nitric oxide or atomic oxygen within the lower 
thermosphere and upper mesosphere. Generally, there should be a correlation or 
anti correlation between variations of different major and minor constitut'd i . within the 
lower thermosphere end upper mesosphere, which may also leave a signature in temperature, 
density or wind profiles. Ve have previously shown that variations In the eddy diffusion 
coefficient, can cause e wide range of significant correlated composition, thermal and wind 
changes . 
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